Nelarabine (506U78) is a soluble pro-drug of 9-␤-D-arabinofuranosylguanine (ara-G), a deoxyguanosine derivative. We treated 26 patients with T-cell acute lymphoblastic leukemia (T-ALL) and 13 with T-cell lymphoblastic lymphoma (T-LBL) with nelarabine. All patients were refractory to at least one multiagent regimen or had relapsed after achieving a complete remission. Nelarabine was administered on an alternate day schedule (days 1, 3, and 5) at 1.5 g/m 2 /day. Cycles were repeated every 22 days. The median age was 34 years (range, 16-66 years); 32 (82%) patients were male. The rate of complete remission was 31% (95% confidence interval [CI], 17%, 48%) and the overall response rate was 41% (95% CI, 26%, 58%). The principal toxicity was grade 3 or 4 neutropenia and thrombocytopenia, occurring in 37% and 26% of patients, respectively. There was only one grade 4 adverse event of the nervous system, which was a reversible depressed level of consciousness. The median disease-free survival (DFS) was 20 weeks (95% CI, 11, 56), and the median overall survival was 20 weeks (95% CI, 13, 36). The 1-year overall survival was 28% (95% CI, 15%, 43%). Nelarabine is well tolerated and has significant antitumor activity in relapsed or refractory T-ALL and T-LBL. (Blood. 2007;109:5136-5142)
Introduction
Although current treatment results in complete remission (CR) in 80% to 90% of adults with newly diagnosed T-cell acute lymphoblastic leukemia (T-ALL) or lymphoblastic lymphoma (T-LBL), approximately half of these patients relapse within the first 2 years. 1 In addition, patients who fail to achieve a CR have an extremely poor prognosis. A response rate of 50% is achieved among patients with relapsed or refractory T-ALL/LBL who receive high-or intermediate-dose cytarabine-based combination chemotherapy, but remissions are short. [2] [3] [4] [5] After salvage chemotherapy, allogeneic hematopoietic stem cell transplantation (SCT) remains the only treatment offering long-term survival, and those patients undergoing SCT while in remission have the best chance for prolonged survival.
Nelarabine (compound 506U78; Arranon) is a pro-drug that is demethylated by adenosine deaminase to 9-␤-D-arabinofuranosylguanine (ara-G), a deoxyguanosine analog. 6 Previous studies demonstrated that immature T lymphocytes and T lymphoblasts are sensitive to the cytotoxic effects of deoxyguanosine. [6] [7] [8] [9] [10] [11] [12] The accumulation of deoxyguanosine triphosphate with subsequent inhibition of ribonucleotide reductase, inhibition of DNA synthesis, and resultant cell death accounts for T-cell toxicity. [8] [9] [10] [11] [12] However, the clinical use of deoxyguanosine is limited because of its rapid degradation by the purine nucleoside phosphorylase (PNP) present in red blood cells. In 1983, Cohen et al 7 reported that ara-G was resistant to degradation by PNP and was also toxic to T lymphoblasts at micromolar concentrations.
Laboratory studies demonstrated that conversion of ara-G to its 5Ј-triphosphate, ara-GTP, is required for lymphocytotoxicity mediated by the inhibition of DNA synthesis. [10] [11] [12] Ara-G is phosphorylated via deoxycytidine kinase and mitochondrial deoxyguanosine kinase. [9] [10] [11] [12] [13] The increased activity of ara-G against T cells compared with B cells was initially thought to be due to decreased catabolism of ara-GTP in T cells relative to B cells. However, recent studies suggest that the rate of ara-GTP catabolism is similar in both T cells and B cells and that initial ara-G concentrations are higher in T cells for a given dose. Thus, T cells have a greater intracellular exposure to ara-GTP. 11 Ara-G is difficult to synthesize using traditional techniques and it is poorly water soluble. 14 For these reasons, it has not been studied in the clinic. Use of advanced enzyme technology has allowed synthesis of nelarabine, a compound that is 10 times more water soluble than ara-G. 15 Nelarabine is rapidly demethylated in blood by adenosine deaminase to ara-G. Thus, many of the obstacles to the use of ara-G have been circumvented by the development of nelarabine.
A phase 1 study explored the administration of nelarabine as a 1-hour intravenous infusion daily for 5 consecutive days. 16 Ninetythree adult and pediatric patients with refractory hematologic malignancies were enrolled in this multi-institutional trial. The half-life of nelarabine was determined to be approximately 20 minutes because of rapid conversion of the drug to ara-G. The half-life of ara-G is approximately 3 hours, but the intracellular half-life of the active ara-GTP is more than 24 hours. 17, 18 As predicted by preclinical in vitro studies, the highest response rates were observed in 39 evaluable patients with T-cell ALL (CR, 23%; partial remission [PR], 31%), 7 patients with T-CLL (PR 29%), and 15 patients with T-cell lymphoma (PR 13%). Responses were seen at all dose levels tested. The maximum tolerated dose (MTD) was 40 mg/kg/d in adults and 60 mg/kg/d in children when given for 5 days. Neurotoxicity, consisting of somnolence, encephalopathy, seizures, mental status changes, obtundation, and ascending paralysis, was dose-limiting. 16 In an effort to minimize neurologic toxicity, a dose of 1.8 g/m 2 /d was tested in adults on an alternateday schedule (days 1, 3, and 5). This regimen was well tolerated. Subsequent phase I studies evaluated further dose escalation using this schedule and reported an MTD of 2.2 g/m 2 /day.
A phase 2 open-label multicenter clinical trial was initiated to evaluate the efficacy and safety of single agent nelarabine in adult subjects with refractory or relapsed T-lineage ALL/LBL. Although a dose of 2.2 g/m 2 /d was initially chosen, the study was amended after 3 patients received therapy to a dose of 1.5 g/m 2 /d on days 1, 3, and 5 to decrease the potential risk of neurologic toxicities, because most patients with ALL would have previously received cranial irradiation and neurotoxins such as vincristine or intrathecal chemotherapy.
Patients, materials, and methods

Patient population
The Institutional Review Boards at each participating institution approved the study protocol. All patients gave written informed consent before study participation in accordance with the Declaration of Helsinki. Patients older than 16 years of age who had T-cell ALL or LBL that was either refractory to at least one induction regimen or in first or later relapse were eligible. For patients with ALL, relapsed or refractory disease was defined by the presence of more than 10% lymphoblasts in the bone marrow or more than 1000 lymphoblasts/L in the blood. Prior therapy for relapsed disease was permissible. Leukemia or lymphoma cells were required to express at least 2 of the following cell surface antigens: CD1a, CD2, CD3 (surface or cytoplasmic), CD4, CD5, CD7, and CD8. Leukemia cells were also required to be negative for myeloperoxidase or Sudan Black B histochemical stains. If the only T cell markers present were CD4 and CD7, the leukemia cells must also have lacked the myeloid markers CD33 and/or CD13. Patients with more than 25% lymphoblasts in the bone marrow either at initial diagnosis or at study entry were considered to have ALL rather than LBL.
Patients were not allowed to have evidence of central nervous system (CNS) leukemia or lymphoma that would require intrathecal or craniospinal radiation therapy. A lumbar puncture (LP) was not required in asymptomatic patients. Subjects with a seizure disorder, grade 3 or greater neurologic toxicity during prior treatment, or pre-existing neuropathy of grade 2 or greater at the time of registration regardless of causality were not eligible. Within 48 hours before the first administration of nelarabine, a serum creatinine level was obtained in all patients, and a calculated creatinine clearance of 50 mL/min or greater, using the Cockcroft equation, was required.
Treatment
Nelarabine was administered as an intravenous infusion over 2 hours initially at a dose of 2.2 g/m 2 /d on days 1, 3, and 5, but this dose was amended to 1.5 g/m 2 /d on days 1, 3, and 5. Although no neurotoxicity was seen in the 3 patients treated at the 2.2 g/m 2 dose, safety data from other studies began to accumulate, and neurologic toxicity was seen in these other studies. To assure patient safety, the nelarabine dose was reduced from 2.2 to 1.5 g/m 2 /d. Three subjects received the 2.2 g/m 2 dose and 36 of the 39 subjects received the 1.5 g/m 2 dose. The data from all treated subjects were included in all analyses. Nelarabine was administered as a 5 mg/mL solution without further dilution. Antiemetic prophylaxis with steroids was not allowed. Hematopoietic growth factors were not used prophylactically. Patients were assessed for disease response on day 22; if residual leukemia or lymphoma was present, a second course of nelarabine was administered as above. However, if the day 22 marrow was hypocellular (cellularity Յ 15%), then a repeat bone marrow biopsy was obtained on day 29 to assess response. If residual leukemia/lymphoma was documented at the point of marrow recovery (cellularity Ͼ 15%), then a second course of nelarabine was administered on the same schedule as above.
Patients achieving a CR were eligible to receive 2 additional courses of nelarabine as consolidation therapy at the same dose and schedule as outlined above. Additional courses of nelarabine could be given after discussion with the study chair. A calculated creatinine clearance of 50 mL/min or greater using the Cockcroft equation was documented before drug administration for each cycle. Each course of chemotherapy was administered only after adequate recovery of peripheral blood counts (eg, absolute neutrophil count Ͼ 1500/L and platelets Ͼ 100 000/L). If residual or recurrent leukemia/lymphoma or extramedullary disease was documented after 2 courses of nelarabine, the patient was removed from protocol therapy. If clinically indicated, a LP was performed to rule out CNS leukemia/lymphoma before each consolidation course. Patients who achieved a response and were candidates for an allogeneic SCT were removed from the protocol. All patients were followed for relapse and survival.
Response assessment
The criteria used for treatment efficacy in T-ALL were adapted from Cheson et al. 19 CR was defined as an absolute neutrophil count greater than 1500/L, no circulating blasts, platelets greater than 100 000/L, bone marrow cellularity over 20% with trilineage hematopoiesis, and fewer than 5% marrow blast cells, none of which could appear neoplastic. If the morphologic result was ambiguous, a second bone marrow examination was performed 1 week later. All previous extramedullary manifestations of disease must have been absent (eg, lymphadenopathy, splenomegaly, skin or gum infiltration, testicular masses, or CNS involvement). CR with incomplete hematopoietic recovery (CRi) was defined as bone marrow blast counts less than 5% and no other evidence of disease but with neutrophils more than 1500/L or platelets more than 100 000/L. A partial remission (PR) required that all of the CR criteria were met with the exception of the bone marrow, which was defined by a reduction of 50% or more leukemia blast cells as long as the absolute blast count was between 5% and 25%. Relapsed disease was defined as the reappearance of unequivocal leukemia blast cells in the blood or the bone marrow (Ͼ 5%), in the CNS (positive cytospin examination of cerebrospinal fluid) or in any other extramedullary site after a CR or progression to over 25% leukemia blasts cells in the marrow after a PR.
For patients with T-LBL, the criteria for CR were similar and required the disappearance of all measurable disease, signs, symptoms, and biochemical changes related to the tumor. PR was defined as a reduction of 50% or more in the sum of the products of the perpendicular diameters of all measurable lesions compared with pretreatment measurements. No new lesions could appear, and no existing lesions could enlarge. Stable disease was defined as a less-than 50% reduction and no more than a 25% increase in the sum of the products of 2 perpendicular diameters of all measured lesions, and the appearance of no new lesions.
The assessment of response to treatment was based on the results of complete blood cell counts (CBC), platelet count, differential count, bone marrow aspirate, bone marrow biopsy, and physical examination. Extramedullary sites involved with leukemia before treatment (eg, mediastinal lymphadenopathy) were also re-examined if clinically indicated. Results of immunophenotyping, cytochemistry, and cytogenetic analyses were to be used as supportive data but were not required for clinical assessment. The protocol specified that a validated response required maintenance for at least 1 month. Subjects who proceeded with additional nelarabine treatment were to have no evidence of disease recurrence during this 1-month interval.
Patient registration and data collection were managed by the CALGB Statistical Center. Data quality was ensured by careful review of data by CALGB Statistical Center staff and by the study chairperson. CALGB statisticians performed statistical analyses. As part of the quality assurance program of the CALGB, members of the Data Audit Committee visit all participating institutions at least once every 3 years to review source documents. The auditors verify compliance with federal regulations and protocol requirements, including those pertaining to eligibility, treatment, adverse events, tumor response, and outcome in a sample of protocols at each institution. Such on-site review of medical records was performed for a subgroup of 19 patients (47.5%) of the 40 patients enrolled on this study.
Results
Patient characteristics
Forty subjects were enrolled in the study from August 15, 1998 , to September 12, 2001 , and 39 received at least one dose of study drug. One patient withdrew consent before treatment in this study because of insurance issues. Thus, 39 treated subjects were included in the analyses (Table 1) . Most subjects were male (82%) and most were white (69%); 23% were African American. The median age at study entry was 34 (range, 16-66) years. Eighteen patients (46%) were between 16 and 30 years old, and only 5 patients (13%) were under age 21.
Twenty-six patients (67%) had T-ALL at study entry, and 13 (33%) had T-LBL (Table 2) . Eleven patients (28%) had received one prior multiagent induction regimen, and 28 (72%) had received 2 or more prior regimens (Table 2 ). Moreover, of the 28 patients with Ն 2 prior inductions, 17 (61%) had not achieved a CR with the most recent induction attempt. Nineteen patients (49%) had disease that was refractory to their most recent therapy. Twenty-six patients (67%) had extramedullary disease, which was either lymphadenopathy or splenomegaly. A history of prior CNS leukemia was reported in 4 patients (10%), and only one patient (3%) had more than one occurrence of CNS leukemia. The majority of patients (72%) had an Eastern Cooperative Oncology Group (ECOG) performance status (PS) of 0 or 1 at baseline.
The most common prior chemotherapy agents were vincristine, cytarabine, cyclophosphamide, and methotrexate. In addition, most patients (82%) had received prior corticosteroid treatment. Doxorubicin, daunorubicin, or idarubicin had been included in the chemotherapy regimens of 62%, 46%, and 8% of patients, respectively; all together 85% (33 of 39) of the patients had received an anthracycline before enrollment on this study.
Response
The study was initially opened at a dose of 2.2 g/m 2 but was amended to a dose of 1.5 g/m 2 to decrease the potential risk of neurologic toxicity. Three subjects received the 2.2 g/m 2 dose, and data from these subjects were included in all analyses. Thirty-six of the 39 subjects received 1.5 g/m 2 on days 1, 3, and 5. All 39 subjects completed at least one course; 14 received only one course; 17 received 2 courses; 5 received 3 courses; 2 received 5 courses, and one patient received 6 courses. The range of cumulative doses of nelarabine for all subjects was 4.3 to 26.9 g/m 2 . Overall, subjects spent an average of 68 days on therapy, with a range of 10 to 451 days.
Sixteen patients (41%) achieved a CR (n ϭ 12; 31%) or PR (n ϭ 4) ( Table 3 ). Of the 12 CR patients, 10 (26%) achieved a CR with full hematologic recovery. Two of the 12 patients did not have documented evidence of full hematologic recovery and were thus classified as having had a CRi. One of these patients withdrew from protocol treatment without demonstrating platelet and absolute neutrophil count (ANC) recovery to receive a cord blood SCT. The second CRi patient received 2 induction courses of nelarabine and For personal use only. on May 30, 2017. by guest www.bloodjournal.org From eventually achieved full hematologic recovery but then relapsed 17 days later. The response in this subject was not classified as a CR because it was not maintained for 1 month.
There were no differences in response rates between T-ALL and T-LBL. Eleven of 26 patients (42%) with T-ALL and 5 of 13 patients (38%) with T-LBL had a response of any kind (CR, CRi, or PR). Of the 26 patients with T-ALL, 8 (31%) had a CR with or without hematopoietic recovery (CRi). Four of the 13 patients (31%) with T-LBL had CR that was confirmed 1 month later (Table 3) .
Of the 28 patients who had previously received at least 2 prior induction regimens, 10 (36%) experienced a CR, CRi, or PR (Table  4) . In comparison, 6 of 11 (55%) patients who had received only one prior induction regimen demonstrated a CR, CRi, or PR to nelarabine. Nineteen patients had previously failed to respond to their most recent prior induction attempt (Table 5) . Of those 19 patients, 4 (21%) experienced a CR after nelarabine, and all of these CRs were confirmed 1 month later. All 4 of these patients had received 2 or more prior induction regimens.
Two patients remained in remission at the date of last contact. One patient proceeded directly to high-dose therapy with SCT while still in a nelarabine-induced remission and has remained in a CR for longer than 4 years. A second patient has remained in CR for longer than 5.25 years without subsequent anticancer therapy after treatment with 3 cycles of nelarabine (Figure 1 ). Before enrollment, this patient with T-LBL had relapsed after 2 multiagent induction regimens, one of which included autologous SCT.
Survival
The median survival for all treated patients was 20 weeks, with a 95% confidence interval (CI) of 13 to 36 weeks. The Kaplan-Meier estimate for survival is shown in Figure 2 . The median survival for those patients with one prior induction regimen was 20 weeks with a 95% CI of 12 to 219 weeks (Table 4 ). For patients who had received 2 or more prior inductions, the median survival was 20 weeks with a 95% CI of 10 to 36 weeks. The 1-year survival rate for all treated patients was 28% (95% CI, 15% to 43%) (Table 3 and Figure 2 ). Of the 28 patients with 2 or more prior inductions, the 1-year survival rate was 25% (95% CI, 11% to 42%). The 1-year survival rate for patients whose disease failed to respond to their most recent prior induction was 37% (95% CI, 17% to 57%) ( Table 5 ).
Stem-cell transplantation
Successful engraftment after SCT was not an end point in the original study design, but these data were collected retrospectively. Seven subjects who were treated with nelarabine subsequently received a SCT. Four patients who achieved a CR and one patient who was classified as a CRi underwent SCT. Two subjects who did not respond to nelarabine subsequently received SCT. Engraftment data for 5 of these 7 patients were collected.
Full hematopoietic engraftment was documented on days 7, 11, and 18 after transplant in 3 of the 7 patients who underwent a SCT. One patient died shortly after transplant before engrafting, and engraftment data for another patient are unknown. This latter patient was removed from the study treatment after cycle 1 to go directly to SCT without additional anticancer therapy and was still alive at last contact 4 years later. Myeloid engraftment was not reported in 2 additional patients, but both were still alive almost 3 years after SCT, suggesting that engraftment had in fact occurred.
Toxicity
Toxicity data were available on 38 of 39 treated patients. Nine subjects (24%) experienced a grade 3 adverse event (AE), and 16 subjects (42%) experienced a grade 4 event judged by the investigator to be possibly or probably related to nelarabine ( Table   Table 3 Abbreviations are as in Table 3 . *CR ϩ CRi ϩ PR. Abbreviations are as in Table 3 .
-indicates not applicable. *CR ϩ CRi ϩ PR. 6) . The most frequent grade 3 or higher nonhematologic events were fatigue (n ϭ 7, 18%) and muscle weakness (n ϭ 4, 11%). Although gastrointestinal symptoms (nausea, diarrhea, stomatitis, or vomiting) were reported in 51% of subjects, only one of these events was severe (diarrhea grade 3).
NELARABINE IN RELAPSED OR REFRACTORY T-CELL ALL
The most frequent reasons for withdrawal from the study were for progressive or relapsed disease (n ϭ 14, 36%) and no response to therapy (n ϭ 14, 36%). Three subjects were withdrawn because of toxicity. One patient withdrew after 3 cycles as a result of proteinuria in the nephrotic range that was thought to be unrelated to nelarabine. Two patients withdrew from protocol therapy because of peripheral sensory neuropathy grade 2 after 3 and 5 cycles, respectively. Three additional patients withdrew to receive other therapies, and 2 patients died, one from a motor vehicle accident while in long-term remission.
Peripheral sensory neuropathy was reported in 14 patients (37%); all events were either grade 1 or 2. Peripheral motor neuropathy was reported in 8 patients (21%); only one was grade 3. In addition, one patient had a grade 3 seizure after receiving a cumulative dose of 4.5 g/m 2 of nelarabine; this was thought to be more likely to be due to imipenem and renal dysfunction. Another patient experienced grade 3 aphasia after receiving 4.5 g/m 2 of nelarabine. There was only one grade 4 AE of the nervous system, which was a reversible depressed level of consciousness (Table 6) .
At the time of this report, 34 patients (87%) have died. Of the 34 deaths, 31 were disease-related and 3 were unrelated to the disease or to the protocol treatment. No deaths were related to nelarabine. Deaths thought to be unrelated to underlying disease were attributed to pneumocystic pneumonia, an automobile accident, and graft-versushost disease. Two patients died from disease progression while receiving therapy. Three patients died while on study after receiving only one cycle of nelarabine. One died of respiratory failure secondary to progressive disease. Another died from multiorgan failure reported as hypotension. The cause of death was considered by the investigator to be unrelated to the study drug. The third patient died from a pleural effusion and pneumothorax related to disease progression.
Discussion
This study was an open-label multicenter phase II study performed to assess the efficacy and safety of single agent nelarabine in adult subjects with refractory or relapsed T-lineage ALL/LBL. The patients treated on this study were representative of the general population of patients with relapsed T-ALL/LBL in terms of their age, gender, functional status, and the amount of previous therapy they had received. The study population was balanced between subjects whose disease failed to respond after their most recent prior therapy and those who had achieved a CR after their most recent induction attempt (49% vs 51%). Most subjects (67%) had extramedullary disease at the time of enrollment. All of the patients had received at least one prior induction chemotherapy regimen, and 72% had received 2 or more prior attempts at induction. Five patients (13%) had also undergone a prior SCT. Thus, this was a heavily pretreated group of patients with poor prognoses. It is noteworthy that 4 of the 19 subjects (21%) who had just failed to respond after their most recent induction attempt exhibited a CR or CRi after treatment with nelarabine. All of these patients had received 2 or more prior induction regimens before responding to nelarabine. This suggests that the mechanism of action of nelarabine differs from that of the other standard agents that these patients had previously received.
The median survival for subjects with 2 or more prior inductions was 20 weeks, and 25% of this group of patients was still alive at 1 year. Historical survival data for patients in this population are not known, but the results observed here are similar to those reported for children and adults treated with multiagent regimens after failure of one prior regimen. [2] [3] [4] [5] For example, Thomas et al 5 reported 24% 1-year survival in 57 patients with relapsed or refractory T-ALL treated with various multiagent regimens.
Berg et al recently reported results from a trial conducted by the Children's Oncology Group (COG) in children with refractory T-cell malignancies treated with nelarabine for 5 consecutive days. 20 An overall response (OR; CR plus PR) rate of 55% was seen in patients with T-ALL in first relapse and an OR rate of 27% was seen with T-ALL in second relapse. Grade 3 or 4 neurologic adverse events were seen in 18% of the patients, including peripheral neuropathy, hallucinations, seizures, and one episode of a Guillain-Barré-like syndrome.
Neurotoxicity from nelarabine has been an ongoing concern since the early phase I studies. The majority of the neurologic events reported in the current trial were reversible grade 1 or 2. However, there were 7 severe (grade 3 or 4) neurologic AEs in 4 patients among 38 treated patients whose toxicity data were available. In 2 of these cases, the events had other likely causes and were thought to be unrelated to nelarabine. Thus, although neurologic AEs were reported, the number (n ϭ 2) of severe neurologic AEs likely related to nelarabine was low.
The neurologic AEs that occurred in this study may have been related, at least in part, to prior chemotherapy with other neurotoxic agents, such as vincristine, methotrexate, or cytarabine, or to intrathecal (IT) therapy. Because patients with active CNS disease were excluded, patients did not receive concurrent IT chemotherapy on this study. The relatively low rate of neurologic events observed on this study was possibly due to the lack of concurrent intrathecal treatment.
The treatment goal for patients with relapsed or refractory ALL/LBL is most often to prepare the patient for allogeneic SCT. Therefore, the response must be of sufficient duration to allow for a transplant evaluation. The durations of responses (CR ϩ CRi) observed on this study were all in excess of 4 weeks. When time to response is added to the duration of response, an adequate period of disease control was obtained. Thus, all patients with CRs on this study had their disease controlled for at least 7 weeks, which in most cases should provide sufficient time to arrange for a SCT. Goekbuget et al 21 reported results from a similar phase II study with nelarabine by the German Multicenter ALL Group wherein 47% of patients with relapsed T-ALL or T-LBL achieved a CR. Impressively, 76% of the patients achieving a CR were able to proceed to a SCT. Within the current study, 7 patients underwent a SCT, and myeloid engraftment was established in 5 patients. Although preliminary, these data suggest that SCT after nelarabine administration is safe without an increase in transplant-related toxicities.
In summary, nelarabine demonstrated clinically significant antineoplastic activity with acceptable toxicity in adult patients with relapsed/refractory T-ALL/LBL. Neurotoxicity was mostly mild and reversible in this limited study population. These data led to the approval of nelarabine for this indication in the United States by the Food and Drug Administration. Nelarabine has the potential to provide an alternative chemotherapeutic approach to adult patients with T-ALL/LBL and should be evaluated in frontline regimens in sequence with other standard chemotherapy agents in an attempt to increase the cure rate.
